Abstract: Shallow refraction seismic technique was applied to investigate piece-wise lateral inhomogeneities and buried sand bodies within a sequence of sedimentary succession. Traveltime parameters, include layer reciprocal time, principle of parallelism, apparent refractor velocities and the intercept time have been applied to identify the lateral inhomogeneit ies. In-line reversed profiling technique is essential for the required data.
Introduction
Shallow refraction seismic techniques have been widely used to solve a great variety of geotechnical problems in connection with, for example, soil and subsoil layers, the possible existence of weathered rock layers and more solid rock (Sjoegren, 2000) . In this method, layer boundaries, either horizontal or inclined can be detected with confidence. The source receiver distance must be long enough to ensure that, the refracted waves are detected as first arrivals from the target layers. In cases of subsurface with lateral inhomogeneities, there are some problems in applications of most of the conventional interpretation methods. In general, the most difficult and critical tasks for an interpreter of shallow refraction seismic data are: (a) to correlate inflection points on traveltime curves either to crossover points or to lateral geologic changes, (b) to identify the segments between crossover points with their corresponding refracting horizons, and (c) to reconstruct either implicitly or explicitly, the hidden remainder of the traveltime curve for each horizon from the limited first-arrival data on hand (Ackermann et. al., 1986) . The traveltime parameters have been used to identify the lateral inhomogeneities along or within the refracting interfaces. Lateral inhomogeneit ies ha ve been dealt in this investigation in two different ways. These include piece wise lateral changes and random variations i.e., buried sand bodies or sand intercalation within a sedimentary sequence.
Identification of lateral inhomo geneities
A number of rules have been used to overcome the miss-interpretation problems of refraction seismic data. These rules are based on the traveltime parameters; including the layer reciprocal time, the apparent refractor velocity and the intercept time, Seisa (1991 Seisa ( & 1996 . The interpretation of the available refraction data has been carried out by the use of: (1) Single reversed traveltime curve, and, (2) Continuous refraction seismic profiling technique, these will be discussed in details in the following paragraphs.
Single reversed traveltime curve
In case of traveltime curves resulting from single reversed shot point, the layer reciprocal time and the apparent refractor velocity of refracted traveltime elements have been used to identify lateral variations.
Layer reciprocal time
By layer reciprocal time we mean that the head wave traveltime elements (or their forward extrapolation) which represents one complete layer must give trave ltime values equal at both ends of the traveltime curve. This implies that the time from a shot point at A to a geophone at B must equal that from a shot point at B to a geophone at A. In case of a plan horizontal or dipping layered medium with constant velocities, the extrapolation of forward and reversed corresponding traveltime elements to both ends of the traveltime curve must be equal. In case of piecewise lateral variations along the refracting interfaces, the extrapolation of these traveltime elements are not equal at both ends of the traveltime curve. 
Apparent refractor velocities
The inverse of the slope of any traveltime element is usually defined as apparent refractor velocity. In the case of a layered medium with plan refractors the slope of the successive traveltime elements are generally decrease or the refractor apparent velocities are generally increase with increasing distance from the shot point. In case of a medium contains piece-wise lateral variations either in the velocities and/or in the dip angles along the refracting interfaces, the slope of the traveltime elements usually change in random way either from low to high or from high to low with increasing distance from each shot point as shown in Figure ( 1).
Synthetic data
The first example, Figure ( 1), represents synthetic data. The traveltime data are calculated using the Ray tracing program RAY (Seisa and El Shafey, 1999 ). The used model represents a two layer case with lateral changes in dip angles along the lower refractor. The velocities used in this model are 1000 & 2000 m/s for the first and second layer, respectively.
Field example
The field example was recorded at the North-West Sudan, approximately 250 km west of Khartoum from one reversed profile, (Seisa, 1991) . Geophone distances are 5 meters between the first geophone and the shot point and 10 meters between every two successive geophones. The data shown in Figures (2c and d) , were used to map the subsurface of a sub-graben structure located at he edge of the Khartoum Graben. The traveltime curve shown in Figure ( 2a) has been interpreted as three layer case with lateral variations along the lower refractor. From the seismic velocities, the first layer has been interpreted as a weathered layer. The second layer represents compact lithified sediments. The third layer has been interpreted as basaltic rocks characterized mainly by lateral changes in dip angle. 
N. B.
The traveltime elements from forward direction have the numbers 2, 3 and 4 according to the respective interfaces of the model while the numbers, 2', 3' and 4' refer to the traveltime elements from the reversed direction. there are two other traveltime parameters. These parameters; intercept time values and principle of parallelism have been used with the previous parameters to interpret the traveltime curves of the first arrivals.
Continuous refraction seismic profiling

The intercept time values
The head waves refracted from one shot point in opposite directions must be compared together. If the intercept time values of the refracted waves are equal, this indicates that there is no lateral variation, Figure (3a) . If these two intercept times are not equal, it means that the head waves emerge from two different refractor elements as seen in Figure (3b) . By this way we can detect lateral variations either in dip angle or velocity or both (Seisa 1991 and 1996) .
Principle of parallelism
The principle of parallelism is usually used if there is no lateral variation either along the refracting interface or in the overburden or both. This principal assume that traveltime elements of different traveltime curves observed over the same range of geophone locations and corresponding to the same refracting interfaces are strictly parallel, for plane interfaces. In case of, lateral variations parallelism was never occurred. If the measured data are overlapping, this will allow the identification of head wave traveltime eleme nts from each shot point. This concept have been applied on the field example described below
Field example
The example shown in Figure ( 4) was carried out in El Safia Basin NW Sudan. Geologically, it represents an area affected by the main Central Africa Fault Zone (CAFZ). The profile length was 300 meters. Geophone distances are 3.5 meters between the first geophone and the shot point and 7 meters between every two successive geophones. This zone extended from Cameron, passing by north Cordofan (Sudan) and reaches the Egyptian boundaries at the Red Sea Hills, (Schandelmeier and Pudlo, 1990 ). The fault trend was SW-NE. These results have been tested using the shallow refraction seismic technique to confirm the geological interpretation.
The trave ltime parameters mentioned before (Figure 4a b) The subsurface structure.
IDENTIFICATION OF BURRIED SAND BODIES
Single reversed traveltime curve
Lateral inhomogeneities either in velocity and/or in depth within sedimentary sequence is expected to occur. For example, sand body within clay or marl cause a change in velocity compared to the surrounding sediments. In traditional shallow refraction seismic profile a part of the incident rays will be reflected along the boundary of the sand body and will recorded as first or later arrivals according to the depth values and the velocity of the surrounding. Other parts of the incident rays will be transmitted through the sand body itself and will be reflected again and recorded as before.
Unfortunately, the separation of different velocity bodies (anomalies) along ray path is troublesome. Figure (5) shows the ray path and the corresponding traveltime curve hypothetically. In this figure, a hypothetical reversed seismic refraction profile over a sedimentary sequence with a sand body. The normal traveltime curve is shown as dashed lines. X marked below the traveltime curve according its position denotes the time recorded from the sand body. Notice that the ray paths pass through the sand body itself and not along the lower boundary Therefore, there are differences in the recorded times compared to the normal traveltime.
Continuous refractio n seismic profiling
The presence of sand bodies within a sedimentary sequence will affect the recorded travel data. The first arrivals recorded in this case usually represent reflected rays either from the upper surface of the sand body or from rays traveling through the body itself and reflected again and recorded as first arrivals. There is no criteria to differentiate between first and later arrivals on the travel time curve i.e., to identify the head waves recorded as first arrivals and the ray reflected from the sand bodies and recorded earlier than the head waves (Seisa 1998) .
Field example
The field measurements were made during the investigation of Quaternary deposits consisting mainly of inhomogeneous marl, (Burkhardt et al. 1992 ). The area of study (near the City of Auguzin, Germany) is selected to be a land fill site. Geophone distances are 0.5 meter between the first geophone and the shot point and 1 meter between every two successive geophones The target of the survey was to locate sand bodies within the thick marl layer and to check if the sand bodies are in connection with the underground water reservoir or not. The interpretation of the traveltime curves shown in Figure ( 6) can be summarized in the following points: (a) the forward traveltime elements 
Conclusions
The main objectives of the shallow refraction seismic interpretation method are used for the determination of the subsurface structure from the traveltime curves. In this study, shallow refraction seismic technique has demonstrated success in locating lateral inhomogeneities that can affect engineering and environmental projects and are potential hazards if unrecognized. The traveltime parameters; layer reciprocal time, apparent refractor velocity, intercept time values and principal of parallelism introduced in this study, are used to identify lateral inhomogeneities. The synthetic and the field examples discussed in this study indicate that the use of the traveltime parameters provide an excellent solution for detecting shallow subsurface structures for engineering sites and environmental studies. Undetected lateral inhomogeneities either in velocity or in depth within sedimentary sequence is expected to occur. These variations pose significant engineering hazards and are costly to locate and define using conventional closely spaced drilling methods.
